Introduction
============

Red blood cell (RBC) excessive hyperplasia and significant pulmonary hypertension are the main pathophysiological manifestations of chronic mountain sickness (CMS) in plateau areas ([@b1-mmr-14-03-2497]). Hypoxemia is a significant clinical characteristic thereof ([@b2-mmr-14-03-2497]). The neuron is the most oxygen reaction-sensitive cell. Long-term chronic hypoxemia seriously affects normal physiological functions, thus cerebrovascular produces reflective factors to improve the blood supply of neurons under chronic hypoxia ([@b3-mmr-14-03-2497]). Cerebrovascular reactivity (CVR) refers to cerebrovascular pathological factor stimulation by contracting or diastolic change to achieve stable regional cerebral blood flow (CBF) and cerebral perfusion ([@b4-mmr-14-03-2497]), and the ability of reaction is an important index of cerebral reserve capacity. Thus, CVR is used as an evaluation standard of testing real-time brain blood supply.

The Transcranial Doppler (TCD) test is becoming a CVR method and has been extensively applied in clinical research during recent years ([@b5-mmr-14-03-2497]). In previous studies, alteration of arterial blood pressure of carbon dioxide (CO~2~) from subjects having to hold their breath were used to detect cerebral arterioles vasomotor responses ([@b6-mmr-14-03-2497]). As this method is unable to accurately record the change of the duration of holding breath and pCO~2~, the use has been gradually reduced in the clinic. At present, most scientists use synchronous methods to detect the CBF velocity and pCO~2~, including quiet breathing, low carbonate platform stage and/or hypercapnia platform stage data, respectively ([@b7-mmr-14-03-2497]). The collected data are more accurate and straightforward with fewer interference factors. In the present study, a DWL company Multi-Dop X TCD ultrasound monitor together with a CO~2~ monitoring module were used to accurately determine long-range synchronization acquisition CO~2~ partial pressure, breathing graph and detect changes in middle cerebral artery blood flow and spectrum.

Endothelin (ET) is a 21 amino acid bioactive peptide that was separated and purified from pig aortic endothelial cells by Yanagisawa *et al* ([@b8-mmr-14-03-2497]). The peptide is divided subtypes according to the molecular structure: ET-1, ET-2 and ET-3, respectively. ET-1 is the only one existing vascular endothelial cell with strong biological effects, and the most production, while ET-2 and ET-3 are mainly expressed in the brain, kidney, adrenal gland, and small intestine ([@b9-mmr-14-03-2497]). ET and its receptor have a strong and lasting vascular contraction effect.

ET receptor (ETR) can be divided into ET B receptor (ETBR) and ETAR, which are mainly distributed in vascular smooth muscle, cardiac muscle cells and fibroblasts ([@b9-mmr-14-03-2497]). Strong vasoconstrictor and cell proliferation occur when it binds to

ET. ETBR is subdivided into ETBRl and ETBR2 subtypes, which are mainly distributed in vascular endothelium, with a small amount of distribution in vascular smooth muscle. ET binds ETBR and increases nitric oxide (NO) secretion by endothelial cells, while prostaglandins play a role in diastolic blood vessels ([@b10-mmr-14-03-2497]).

NO synthase (NOS) is divided into neuronal NOS (nNOS), inducable NOS and endothelial NOS (eNOS). The nNOS and eNOS are mainly expressed in cerebrovascular endothelial cells ([@b11-mmr-14-03-2497]). eNOS can produce NO gas in the angiogenesis effects of diastolic heart failure ([@b12-mmr-14-03-2497]). eNOS activates hypoxia-induced factor-1 (HIF-1) and HIF-2, and promotes endothelial cells to produce more NO gas during hypoxia, which can stimulate the synthesis of soluble guanylate cyclase acid \[cyclic guanosine monophosphate (cGMP)\] in cytoplasm, leading to vasodilation by way of free diffusion into vascular smooth muscle cells (VSMCs) ([@b13-mmr-14-03-2497]).

Chronic cerebrovascular diastolic and condensation reaction under hypoxia are considered controversial issues. Patients with chronic plateau CVR studies have yet to be reported. The aim of the present study was to use TCD accompanied with CO~2~ ([@b14-mmr-14-03-2497]) to evaluate CVR and to determine the change in plasma content of ET, ETBR and eNOS in order to examine the differences in cerebral circulation reserve capacity of individuals residing at an altitude of 3,600 m and the healthy controls residing at low attitude. In addition, scientific data for the prevention and treatment of cerebral infarction in patients with chronic plateau condition with high blood clot were provided.

Materials and methods
=====================

Healthy controls
----------------

A total of 23 male healthy volunteers, with an average age of 34.4±15.6 years, residing at an altitude of 2,200 m, were selected from the Qinghai Xining region between September and November, 2014, at the Qinghai Provincial People\'s Hospital Medical Center. Inclusion criteria for the study were: i) Patients were 18--60 years of age; ii) volunteers did not have any chronic medical history including hypertension, diabetes, hyperlipidemia and heart, or cerebrovascular disease; iii) lack of lifestyle habits such as drinking or smoking; iv) the blood flow spectrum was clearly evident in the temporal area during the process of TCD examination; and v) evidence of TCD blood flow turbulence, eddy current signal and rough vascular murmur.

The study was approved by the Qinghai Provincial People\'s Hospital Ethics Committee. Investigators were informed of the related purpose and method of tests. Written informed consent was provided by the participants.

CMS patients
------------

A total of 26 male patients with chronic altitude disease, with an average age of 32.8±16.2 years, were selected at the Physical Examination Center of Yushu People\'s Hospital (Qinghai, China). CMS diagnosis was made according to the 6th International Plateau Hypoxia Physiological Academic conference using the chronic plateau disease international diagnostic criteria, i.e., \'Qinghai Standard\' (2004). The main criterion included erythrocytosis (female hemoglobin 190 g/l, or male hemoglobin or 210 g/l) ([@b1-mmr-14-03-2497]). The chronic plateau disease clinical symptoms were alleviated gradually, when patients descended from a high altitude hypoxic environment, and while the clinical symptoms appeared again when the patients became exposed to the plateau environment anew. The inclusion criteria were: i) The \'standard\' in Qinghai score \>6; ii) 18--60 years of age; iii) exclusion of patients with hypertension, diabetes, hyperlipidemia, cerebrovascular disease, acute and chronic disease and heart disease; iv) no long-term drinking, smoking or other unhealthy lifestyle habit; and v) presenting with TCD blood flow turbulence, vortex signal and rough vascular murmur. Exclusion criteria were: i) TCD examination did not clearly show the blood flow spectrum; and ii) the patients were reluctant to cooperate.

The scoring method of the chronic altitude sickness \'Qinghai Standard\' was used to score symptoms as follows: Asthma and palpitations (0, without asthma/palpitations; 1, mild asthma/palpitations; 2, moderate asthma/palpitations; and 3, severe asthma/palpitations); insomnia (0, normal; 1, cannot normally sleep; 2, lack of sleep; and 3, could not follow sleep); cyanosis (0, normal; 1, light; 2, moderate; and 3, severe); vasodilation (0, normal; 1, mild; 2, moderate; and 3, severe); paraesthesia (0, normal; 1, mild; 2, moderate; and 3, severe) headache (0, no; 1, mild; 2, mild; and 3, severe) tinnitus (0, without; 1, mild; 2, mild; and 3, severe) hemoglobin concentration (men: 180 g/l\<Hb\<210 g/l 0, Hb 210 g/l or \>3; women: 160 g/l\<Hb\<190 g/l 0, Hb 210 g/l or \>3). According to the above symptoms and the level of hemoglobin concentration, chronic disease of plateau was divided into no chronic plateau sickness, 0--5; mild chronic plateau sickness, 6--10; moderate chronic disease of plateau, 11--14; and severe chronic plateau sickness, \>15.

Blood serum analysis and enzymelinked immunosorbent assay (ELISA)
-----------------------------------------------------------------

Peripheral blood (4 ml) was obtained for detection (HF-3800 automatic blood cell analyzer) of the RBC count, hemoglobin concentration, RBC deposit, and to determine blood oxygen saturation using a portable oxygen saturation device. The remaining supernatant was collected after centrifugation at 2,800 × g for 10 min, and was preserved at −80°C freezer prior to subsequent analysis. ELISA was performed according to kit instructions (ETBR: Anti-EDNRB ELISA kit; OriGene Technologies, Inc., Rockville, MD, USA. eNOS: eNOS ELISA kit; Cell Signaling Technology, Boston, MA, USA. ET: ET-1 ELISA kit; R&D Systems, Inc., Minneapolis, MN, USA).

TCD detection
-------------

TCD monitor (Multi-DopX DWL Co.) was used to study CVR ([@b15-mmr-14-03-2497]). The patients were asked to sit in calm state (breathing rate of 16--20 times/min) in supine position. Two ultrasonic probes with a head frame (frequency 2 MHz) were used to make contact with the bilateral temporal of subjects, with 55--65 mm probing depth, and the speed and direction of bilateral middle cerebral artery and state of spectrum were detected. The patients were asked to wear a mask, and were recorded while breathing quietly for 2 min, followed by hyperventilation for 2 min, calm state breathing for 2 min, autologous CO~2~ inhalation for 2 min (after 2 m long extension tube) followed by calm state breathing for 2 min, and holding breath (patients instructed to inhale and hold breath for as long as possible after a deep breath) for 2 min to quiet breathing parameters. Each baseline was selected and its largest middle cerebral artery (MCA), mean CBF velocity and average ETCO~2~ were recorded. The formulae used for the various parameters were: CVR = (V changed−V baseline)/(ETCO~2~ change−ETCO~2~ baseline), and CVRI = (V change−V baseline)/V baseline × 100%/ETCO~2~ change-ETCO~2~ baseline), where V was the baseline for breathing in a calm state, MCA average, CBF velocity and the average of ETCO~2~. V changed after 2 min for autologous CO~2~ inhalation, MCA mean, CBF velocity and the average ETCO~2~. According to the exhaled gas CO~2~ partial pressure and blood flow parameters of MCA, CVR and CVRI were calculated. In the abovementioned formulae, the CVR calculation constituted the CVR absolute slope (absolute slope), indicating that alterations in the mm hg CO~2~ partial pressure corresponded to the absolute value of blood flow velocity, whereas under the influence of the baseline flow velocity, the difference between the data were more obvious. CVRI referred to the result of the relative slope (relative slope), indicating changes in mm hg CO~2~ partial pressure corresponded to changes in the percentage of blood flow velocity, providing an objective description of the degree of change in CBF velocity with CO~2~ partial pressure.

Statistical analysis
--------------------

Data were analyzed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA). Measurement data were presented as mean ± standard deviation (using two independent samples t-test, inspection level α= 0.05. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Blood and SO~2~
---------------

The CMS group comprised 26 males, with an average age of 34.4±15.6 years while the healthy controls comprised 23 males, with an average age of 32.8±16.2 years. There was no statistically difference in average age composition and comparable (P\>0.05). Patient characteristics are shown in [Table I](#tI-mmr-14-03-2497){ref-type="table"} and various cell counts are shown in [Fig. 1A and B](#f1-mmr-14-03-2497){ref-type="fig"}.

Comparison of CVR, CVRI and eNOS, ET-1, and ETBR
------------------------------------------------

The cerebrovascular response values of CMS patients were examined, and it was found that CVR and CVRI were significantly lower compared to the healthy controls ([Fig. 2](#f2-mmr-14-03-2497){ref-type="fig"}). The serum levels of eNOS and ET-1 in the CMS group increased slightly, albeit there was no statistical difference compared to the healthy control group (P\>0.05) ([Fig. 3A](#f3-mmr-14-03-2497){ref-type="fig"}). The quantity of ETBR expression in the CMS group was significantly higher than the control group. The difference was statistically significant (P\<0.05) ([Fig. 3B](#f3-mmr-14-03-2497){ref-type="fig"} and [Table II](#tII-mmr-14-03-2497){ref-type="table"}).

Correlation analysis results
----------------------------

No correlation of the content of serum levels of ET-1 and ETBR and CVR (P\>0.05) were observed in the healthy control group. No correlation was observed between the content of ET-1 and CVR (P\>0.05), while an obvious correlation was evident between the ETBR and CVR content. The r-value was 0.378 for the CMS group ([Fig. 4](#f4-mmr-14-03-2497){ref-type="fig"}).

Discussion
==========

The molecular mechanisms of chronic plateau sickness are not clear at present. Previous findings have shown that in a high-altitude environment, the cold, low pressure, and low oxygen under intense stimulation experienced can cause pituitary-adrenal medulla hyperfunction and increases of aldosterone and ADH, which can cause increasing peripheral resistance, sodium and water retention, and at the same time cause polycythemia ([@b16-mmr-14-03-2497]). Excessive RBC can cause significantly increased hematocrit, blood viscosity and blood flow resistance, slowing the blood flow and sedimentation, and tissue and blood are discharged ([@b17-mmr-14-03-2497]). Thus, the patients with chronic plateau intracranial ischemia and infarction identified were more than the healthy controls. Studies on cerebrovascular hemodynamic for CMS patients are rare at present ([@b18-mmr-14-03-2497]). The aim of the present study was to obtain cerebrovascular response data of CMS patients to examine the effect of the plateau region on these patients including stroke, and determine cardiovascular events that may be useful in investigating this issue ([@b19-mmr-14-03-2497]). In the present study, we found that the number of RBCs, RBC deposits and hemoglobin levels were significantly higher in CMS patients than the healthy controls. At the same time, SaO~2~ was lower in CMS compared to the healthy controls. There was obvious hypoxemia in CMS patients, indicating excessive proliferation of RBCs and obvious hypoxemic clinical manifestations in CMS patients ([@b20-mmr-14-03-2497]). However, the mechanism of mutual influence and RBCs of the CBF remains to be clarified, although the existing literature offers the following as possible reasons: i) The blood plasma viscosity altered the viscous friction force causing an increase in cerebral vascular resistance; and ii) arterial blood oxygen content was reduced in CMS patients, leading to vascular relaxation response in order to maintain adequate oxygen in the brain tissue ([@b21-mmr-14-03-2497]).

Brain tissue is an important component of the central nervous system and an organ relying primarily on oxygen to function. ([@b4-mmr-14-03-2497]) Additionally, it is extremely sensitive to the change of blood oxygen partial pressure (pO~2~). When the pO~2~ is decreased to 40--45 mmHg, it can cause cerebrovascular diastolic dysfunction ([@b22-mmr-14-03-2497]). When the brain lacks oxygen, the feedback brain artery expands to increase the brain blood supply, but when cerebrovascular occurs at maximum expansion, its response to CO~2~ stimulation is obviously decreased, CBF velocity continues to increase and pO~2~ is reduced ([@b22-mmr-14-03-2497]). Findings of previous studies have confirmed that CBF under the condition of response to low oxygen is a complicated pathophysiologic process that includes physical mechanisms, involved in the regulation of metabolism at biochemical and molecular levels ([@b23-mmr-14-03-2497]). Thus, adjustment of the CBF in the plateau low-oxygen environment is complex, and cerebrovascular after a long period of low oxygen by hypoxia under chronic injury condition can lead to cerebral hemodynamic changes, thereby increasing the plateau cerebrovascular disease ([@b13-mmr-14-03-2497]). CVR was an important indicator in the regulation of cerebrovascular diastole and contraction, which can effectively response cerebrovascular reserve force ([@b4-mmr-14-03-2497]). The present study employed TCD, and tested the reaction of CBF in CMS patients and healthy controls. TCD is a non-invasive method that can effectively detect intracranial arterial blood flow dynamic change by detecting the arterial blood flow direction, blood flow velocity, frequency spectrum form, while accurately reflecting cerebral arterial stenosis, and cramps, such as ischemic pathological state ([@b24-mmr-14-03-2497]). The present study found that CVR and CVRI were significantly reduced in CMS patients compared to the healthy controls using TCD. The results confirmed that the CBF reserve force was significantly decreased in CMS patients compared to the healthy controls.

Cerebral hemodynamic change may occur due to secretion vascular active factor adjustment of cerebrovascular endothelial cells ([@b25-mmr-14-03-2497]). Previous findings suggest that, the change of CBF is controlled by vascular smooth muscle tension, which is affected by nerve, body fluid, metabolism, and various factors such as physical ones ([@b26-mmr-14-03-2497]). Complex endothelial cells and the nerve cell network are involved in vascular contraction and relaxation factor release such as NO concentration, prostaglandins, natriuretic peptide and its receptors and ET-1, and the distribution of their receptors ([@b27-mmr-14-03-2497]). These vessel endogenous substances can be activated under different physiological stimulations, and by changing the intracellular calcium ion concentration and regulating potassium channels cause vascular smooth muscle contraction or relaxation ([@b28-mmr-14-03-2497]). eNOS catalytic NO synthesis and vascular factors are released. Hypoxic conditions in the HIF family induce the expression of NOS and increase downstream genes, promoting the vascular endothelial cells to produce NO. In addition, free diffusion to VSMCs stimulates the synthesis of the cytoplasm soluble guanylate cyclase acid and cGMP, resulting in vasodilatation ([@b29-mmr-14-03-2497]). The results of the present study have shown that there was no significant difference between the concentration of ET-1 and eNOS in the CMS patients and healthy controls, indicating that the vascular regulating factor plays a role in long-term chronic hypoxia in CMS patients.

ET is coupled to phospholipase C with GTP-binding protein through the ETAR and ETBR receptors ([@b23-mmr-14-03-2497]). ETAR can cause vasoconstriction mainly through VSMCs, and activated ETAR1 can promote vascular endothelial cells to release NO, which is involved in vascular diastolic and expansion ([@b30-mmr-14-03-2497]). However, a higher concentration of ETR, affects the expression of receptor under chronic low-oxygen stimulation, leading to a higher expression ([@b31-mmr-14-03-2497]). The correlation analysis revealed there is no correlation between the content of ET-1 and CVR, in the CMS patients or healthy controls, while there is a significant correlation between the content of ETBR and CVR in CMS patients. However, this result shows that ETBR expression levels are associated with cerebral hemodynamics in CMS patients. A cerebral hypoxia diastolic reaction is possible due to the high expression of ETBR, rather than the result of the change of ET-1.

In conclusion, cerebral circulation reserve capacity was significantly lower in the CMS patients than the healthy controls. The level of ET-1 and eNOS plasma was not significantly different between the CMS patients and healthy controls. This finding suggests the involvement of two vascular regulating factors in patients with long-term chronic hypoxia. The high level of ETBR expression observed in CMS patients compared to healthy controls suggests that the cerebral hypoxia diastolic reaction is possible due to ETBR, rather than ET-1 itself.
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![Platelet cell count (PLT), Hepatitis B (HB), blood volume (HCV), white blood cell (WBC) and red blood cell (RBC) count for healthy controls and chronic mountain sickness (CMS) patients. (A) HB, HCV and PLT; (B) WBC and RBC. ^\*^P\<0.05, compared with Xining control.](MMR-14-03-2497-g00){#f1-mmr-14-03-2497}

![Levels of cerebrovascular reactivity (CVR) and CVRI between controls and chronic mountain sickness (CMS) patients. TCD, transcranial Doppler. ^\*^P\<0.05, compared with Xining control.](MMR-14-03-2497-g01){#f2-mmr-14-03-2497}

![Levels of endothelial nitric oxide synthase (eNOS), endothelin (ET)-1 between controls and chronic mountain sickness (CMS) patients, were found to be non-significant (P\>0.05) (panel A). The level of ET receptor B ETBR show a significant difference in CMS patients in Yushu compared to the healthy controls in Xining (P\<0.05) (panel B).](MMR-14-03-2497-g02){#f3-mmr-14-03-2497}

![Correlation between the concentration of endothelin receptor B (ETBR). Cerebrovascular reactivity (CVR) level for chronic mountain sickness group was 0.378.](MMR-14-03-2497-g03){#f4-mmr-14-03-2497}

###### 

General characteristics of the research subjects (mean ± standard deviation).

  Groups    No. of cases   Hb[a](#tfn1-mmr-14-03-2497){ref-type="table-fn"} (g/l)   WBC (×10^9^/l)   PLT (×10^9^/l)   HCV[b](#tfn2-mmr-14-03-2497){ref-type="table-fn"} (%)   SaO~2~[c](#tfn3-mmr-14-03-2497){ref-type="table-fn"} (%)
  --------- -------------- -------------------------------------------------------- ---------------- ---------------- ------------------------------------------------------- ----------------------------------------------------------
  Control   23             165.7±8.9                                                5.9±1.6          189.6±35.0       55.7±6.9                                                87.4±3.5
  CMS       26             220.6±15.3                                               6.8±1.5          179.1±46.0       71.9±5.7                                                77.9±6.9
  t-value                  26.464                                                   2.896            1.302            12.703                                                  8.934
  P-value                  0.000                                                    0.002            0.098            0.000                                                   0.000

Hb, hemoglobin;

HCV, hematocrit;

SaO~2~, oxygen saturation; two groups: P\<0.01. WBC, white blood cell; CMS, chronic mountain sickness; PLT, platelet cell count.

###### 

Comparison of levels of CVR, CVRI, eNOS, ET-1 and ETBR values in CMS and healthy controls.

  Group     No. of cases   CVR                                                   CVRI                                                  eNOS (*μ*g/*μ*l)   ET (*μ*mol/l)   ET-RA/R (pg/ml)
  --------- -------------- ----------------------------------------------------- ----------------------------------------------------- ------------------ --------------- -----------------------------------------------------
  CMS       26             3.8±3.0                                               3.5±2.9                                               39.5±10.8          42.0±20.3       386.1±181.6
  Control   23             6.4±6.9                                               7.1±7.5                                               38.3±13.9          41.9±17.9       312.3±138.1
  t-value                  2.336[a](#tfn4-mmr-14-03-2497){ref-type="table-fn"}   3.084[a](#tfn4-mmr-14-03-2497){ref-type="table-fn"}   0.474              0.039           2.317[a](#tfn4-mmr-14-03-2497){ref-type="table-fn"}
  P-value                  0.011                                                 0.001                                                 0.325              0.484           0.011

Significant difference, P\<0.05. CVR, cerebrovascular reactivity; eNOS, endothelial nitric oxide synthase; ET, endothelin; ETBR, ET receptor B; CMS, chronic mountain sickness.
